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Context and Policy Issues 
As of 2013, about 741,800 Canadian adults aged 20 and older were living with the 

effects of a stroke in 2013.
1
 One of the most prominent and disturbing neurological 

deficits resulting from strokes is foot drop, which is characterized by the inability to lift 

the toes completely off the ground during the swing phase of walking. While foot drop 

is frequently present in those who have experienced a stroke, it is also a 

manifestation in other neurological conditions such as cerebral palsy and multiple 

sclerosis, as well as spinal cord and brain injuries.
2,3

 Foot drop primarily affects 

walking speed that is usually categorized from less than 0.4 m/second (household 

walking only) to less than 0.79 m/second (limited community walking).
4
 

Foot drop is usually treated with orthotics such as ankle foot orthosis (AFO), 

rehabilitation with physical therapy, or surgery.
2
 Nerve stimulation, using myoelectric 

orthotics such as functional electrical stimulators (FES), is a rehabilitation technique 

intended to enhance movement or function of organs, muscles, and extremities by 

applying electrical currents to peripheral nerves, and is used during rehabilitation for 

adults and children with neurologic dysfunction such as foot drop.
5
 FES systems 

commonly use single-pad transcutaneous electrodes with the wireless control of 

stimulation through an in-shoe sensor or tilt sensor, but novel multi-pad electrodes are 

also used.
6
 Foot drop is usually assessed by outcomes that are categorized into 

Functional Outcomes using a tool such a 10-m walk test to measure walking speed, 

or Body Functions & Structures outcomes that measure physical exertion, mobility of 

the lower extremity, balance disability and activities of daily living using tools such as 

Timed Up and Go, Borg Scale, Modified Emory Functional Ambulation Profile 

(mEFAP), modified Barthel Index (mBI), Physiologic Cost Index (PCI), lower extremity 

Fugl-Meyer Assessment (FMA), Expanded Disability Status Scale (EDSS), Fatigue 

Severity Scale (FSS), Falls Efficacy Scale (FEScale), and Berg Balance Scale 

(BBS).
7
   

FES has been shown to be effective in improving many aspects of walking in patients 

with foot drop caused by various neurological conditions,
8-15

 but the effectiveness of 

FES compared to other treatment modalities is not clear. This Rapid Response report 

aims to review the clinical and cost-effectiveness of FES compared to other therapies 

such AFO, rehabilitation, and surgery for the treatment of patients with foot drop.  

Research Questions 

1. What is the clinical-effectiveness of myoelectric orthotics for patients with foot 

drop? 

2. What is the cost-effectiveness of myoelectric orthotics for patients with foot drop? 

3. What are the evidence-based guidelines regarding myoelectric orthotics for 

patients with foot drop? 

Key Findings 

In people with foot drop caused by stroke, functional electrical stimulators (FES) 

seems to lead to the same functional outcome (walking speed) and Body Functions & 

Structures outcomes compared to ankle and foot orthosis (AFO), and the combination 
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of FES and rehabilitation seems to improve walking speed compared to rehabilitation 

alone. FES may significantly reduce the perceived exertion compared to AFO in those 

with multiple sclerosis-related foot drop. There were no relevant cost-effectiveness 

and guidelines on the use of FES for foot drop identified.  

Methods 

A limited literature search was conducted on key resources including Ovid Medline,  

PubMed, The Cochrane Library, University of York Centre for Reviews and 

Dissemination (CRD) databases and a focused Internet search. No methodological 

filters were applied to limit retrieval by publication type. Where possible, retrieval was 

limited to the human population. The search was limited to English language 

documents published between January 1, 2013 and October 24, 2018. 

 

Rapid Response reports are organized so that the evidence for each research 

question is presented separately. 

Selection Criteria and Methods 

One reviewer screened citations and selected studies. In the first level of screening, 

titles and abstracts were reviewed and potentially relevant articles were retrieved and 

assessed for inclusion. The final selection of full-text articles was based on the 

inclusion criteria presented in Table 1. 

Table 1: Selection Criteria 

Population Patients with foot drop (e.g., due to palsy, spinal cord injury, MS, stroke) 

Intervention Myoelectric stimulator, neuroprotheses,  functional electric stimulators 

Comparator Q1-2: Control group, other foot drop treatments (e.g., other orthotics, physical therapy, surgery, etc.) 
Q3: No comparator 

Outcomes Q1: Clinical effectiveness (e.g. change in symptoms, psychological benefits) 
Q2: Cost-effectiveness 
Q3: Guidelines 

Study Designs Heath technology assessments, systematic reviews, meta-analyses, randomized controlled trials (RCTs), 
non-RCTs, cost effectiveness evaluation studies, evidence-based guidelines 

Exclusion Criteria 

Articles were excluded if they did not meet the selection criteria outlined in Table 1, 

they were duplicate publications were already reported in the included SRs, or were 

published prior to 2013.  

Critical Appraisal of Individual Studies 

The included systematic reviews, clinical studies and cost studies were assessed 

using the AMSTAR I2,
16

 and Downs & Black
17

 checklists, respectively. Summary 

scores were not calculated for the included studies; rather, a review of the strengths 

and limitations of each included study were described narratively. 
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Summary of Evidence 

Quantity of Research Available 

A total of 306 citations were identified in the literature search. Following screening of 

titles and abstracts, 277 citations were excluded and 29 potentially relevant reports 

from the electronic search were retrieved for full-text review. Two potentially relevant 

publications were retrieved from the grey literature search. Of these potentially 

relevant articles, 27 publications were excluded for various reasons, while four 

publications (two SRs, two clinical studies) met the inclusion criteria and were 

included in this report. Appendix 1 presents the PRISMA flowchart of the study 

selection. 

Summary of Study Characteristics 

The literature search identified two relevant systematic reviews
18,19

 and two clinical 

studies.
20,21

  

Study design 

One included review performed systematic review with meta-analysis of RCTs 

(search date not indicated),
18

 and one was narrative systematic review of RCTs, with 

literature search up to May 2014.
19

 One clinical study was a single-blind RCT,
20

 and 

one was a cross-over unblinded RCT (both devices were used in each visit, and 

patients randomly assigned to which device to use first).
21

  

Country of origin 

One systematic review was performed in UK,
18

 and one in the US.
19

 One clinical 

study was conducted in Serbia and Spain,
20

 and one in the US.
21

  

Patient population 

One systematic review selected studies that included patients of any age with foot 

drop caused by mostly stroke (n = 450), and cerebral palsy (n = 14)
18

 and one 

systematic review selected studies that included patients of all age with foot drop 

caused by stroke.
19

 The clinical studies were included adult patients with foot drop 

caused by stroke,
20

 and multiple sclerosis.
21

  

Interventions and comparators 

The systematic reviews
18,19

 compared different FES to AFO. One clinical study 

compared FES (FESa) plus conventional rehabilitation (physiotherapy 60 minutes a 

day, five days a week, for four weeks) to rehabilitation alone,
20

 and one clinical study 

compared FES (WalkAide) to AFO.
21

   

Outcomes 

One systematic reviews reported 10-m walking speed as the primary functional 

outcome,
18

 and one systematic review reported 10-m walking speed and various 

Body Functions &  Structures outcomes (mEFAP, PCI, FMA and BBS).
19

 One clinical 

study reported 10-m walking speed and Body Functions Outcomes (FMA, BBI, mBI, 

EDSS, FSS, FEScale),
20

 and one study reported physical exertion, walking speed, 

caloric expenditure and metabolic efficiency.
21

 Details on most Body Functions & 

Structures outcomes and their clinically meaningful difference were not provided,  
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Characteristics of the included studies are detailed in Appendix 2. 

Summary of Critical Appraisal 

The included SRs
18,19

 provided an a priori design and performed a systematic 

literature search; procedures for the independent duplicate selection and data 

extraction of studies were in place, a list of included studies and characteristics were 

provided, and conflict of interests stated. Quality assessment of the included studies 

was performed using the Cochrane Risk of Bias Assessment or the PEDro tool, and 

used in formulating conclusions. A list of excluded studies was not provided, and 

publication bias was not assessed in both SRs. Heterogeneity in interventions and 

comparators among the primary studies may have affected the accuracy and 

reliability of the findings of the reviews; the results from the SRs should be interpreted 

with caution. 

The included clinical studies
20,21

 had clearly described hypotheses, method of 

selection from source population and representation of the study population, main 

outcomes, interventions, patient characteristics, and main findings. Estimates of 

random variability and actual probability values were provided with appropriate 

methods. In one trial, patients were blinded, and sample size was calculated to have 

enough power to detect clinically important effects,
20

 while both patients and 

assessors were not blinded, and sample size not calculated in one trial, rendering the 

findings more prone to bias.
21

   

Details of the critical appraisal of the included studies are presented in Appendix 3.  

Summary of Findings 

The main findings of the included studies are presented in Appendix 2. 

Clinical effectiveness of myoelectric orthotics 

Foot drop due to stroke 

Authors of one systematic review withmeta-analysis
18

 found there were no statistically 

significant differences on 10-meter walking speed between FES and AFO after 4 to 6 

weeks of use in a group of patients where the majority had stroke (450 who had had a 

stroke patients and 14 with cerebral palsy). Similarly, in the sub-group analysis that 

considered those with stroke only, differences were not statistically significant. The 

authors concluded that FES and AFO had the same therapeutic effect on patients 

with central nervous system conditions such as stroke after 4 to 6 weeks of use. 

The results of one systematic review with narrative synthesis
19

 showed that in the 

trials that included participants who had stroke-related foot drop, there were no 

statistically significant differences on 10-meter walking speed, Time Up and Go, 

mEFAP, and FMA between FES and AFO. Differences between FES and AFO were 

inconsistently significant on BBS and PCT among trials. More patients preferred FES 

over AFO (statistical difference not reported). The authors concluded that the effect of 

FES and AFO on walking speed was equivalent after up to 30 weeks of use.  

One RCT that included participants with stroke-related foot drop
20

 showed that FES 

plus rehabilitation therapy increases in walking speed compared to rehabilitation 

alone were statistically significant, but the differences between the two groups were 

not statistically significant in Body Functions & Structures Outcomes FMA, BBS, and 
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MI. The authors concluded that FES combined with rehabilitation was more effective 

than rehabilitation alone in improving walking speed.  

Patients with foot drop due to multiple sclerosis  

Data from one cross-over RCT that included participants with multiple sclerosis-

related foot drop
21

 showed that FES was associated with a statistically significant 

reduction in the perceived exertion compared to AFO. There were no statistically 

significant differences between the 2 groups in walking speed, caloric expenditure, 

and metabolic efficiency. The authors concluded that patients with FES reported 

decreased exertion level compared to AFO.  

Cost-Effectiveness of myoelectric orthotics  

There were no relevant studies identified that met the pre-specified criteria on the 

cost-effectiveness of myoelectric orthotics for patients with foot drop. 

Guidelines 

There were no relevant evidence-based guidelines identified that met the pre-

specified criteria regarding myoelectric orthotics for patients with foot drop. 

Limitations 

Most evidence on the comparative effectiveness of FES was relevant to patients with 

foot drop caused by stroke, with limited evidence on multiple sclerosis, and no 

evidence found for other neurological conditions. Heterogeneity in interventions and 

comparators among the primary studies may have affected the accuracy and 

reliability of the findings of the reviews included in this report.  

Conclusions and Implications for Decision or Policy Making 

Evidence from systematic reviews showed that the use of FES and AFO led to 

equivalent walking speed in patients with foot drop caused by stroke. There were also 

no statistically significant differences among the two groups in terms of Body 

Functions & Structures outcomes, though patients may prefer FES use over AFO. 

FES combined with rehabilitation was found to be more effective than rehabilitation 

alone on walking speed for those with stroke-related foot drop in one RCT. For 

participants with multiple sclerosis, data from one cross-over RCT found that FES 

statistically reduced the perceived exertion and equivalent walking speed, caloric 

expenditure and metabolic efficiency compared to AFO.   

A UK cost study that did not include a comparator showed that FES was a practical, 

long term and cost-effective for the correction of drop foot.
22

 The study showed that 

26% of patients with foot drop caused by central nervous system conditions such as 

stroke, multiple sclerosis, spinal cord injury, and cerebral palsy still used FES after a 

mean of 11 years. Mean treatment cost per patient was £3,095 in 2012, with a mean 

treatment cost per quality-adjusted-life-year (QALY) of £15,406 (willingness to pay 

threshold used by the National Institute for Health and Clinical Excellence – NICE - is 

£20,000 per QALY).  

Controlled studies comparing the clinical and cost-effectiveness of FES to other 

treatment modalities, and evidence-based guidelines on the use of FES on patients 

with foot drop caused by various neurological conditions are needed to reduce 

uncertainty regarding the use of myoelectric foot orthotics for the management of foot 

drop.  
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Appendix 1 : Selection of Included Studies 

 
 
 
 

  

277 citations excluded 

29 potentially relevant articles retrieved 
for scrutiny (full text, if available) 

2 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand search) 

31 potentially relevant reports 

27 reports excluded: 
- wrong population (5) 
- wrong intervention (3) 
- no comparator (8) 
- wrong outcome (3) 
- wrong design (short communication) (1) 
- already reported in included SRs (7) 
 
 
 
 
 

 4 reports included in review 

306 citations identified from electronic 
literature search and screened 
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Appendix 2: Characteristics of Included Publications 

Table 2: Characteristics of Included Systematic Reviews 

First author, Year, 
Country 

 

Objectives 
Intervention 
Comparators 

Literature Search Strategy 

Inclusion Criteria 
 

Exclusion Criteria 
 

Number of Studies 
Outcomes 

Prenton,
18

 2018, UK “To compare the randomized 
controlled 
trial evidence for therapeutic 
effects on walking of 
functional electrical 
stimulation and ankle foot 
orthoses 
for foot drop caused by 
central nervous system 
conditions” (p 129) 
 
FES 
 
AFO 
 
Literature searches were 
conducted using MEDLINE, 
CINAHL, Cochrane Central 
Register of Controlled Trials, 
REHABDATA, PEDro, NIHR 
Centre for Reviews and 
Dissemination, Scopus 
and clinicaltrials.gov were 
searched (date limit not 
reported) 

RCTs comparing various 
FES and AFO for foot 
drop caused by central 
nervous system 
conditions in patients of 
all age 
 

 

 

Studies not fulfilling 
inclusion criteria 

7 RCTs (464 patients) 
(450 stroke, 14 cerebral 
palsy) 

 

Meta-analysis on:  

10-m walking speed 
(m/sec) 

For all patients 

. at final assessment 
(weeks not reported) 

 

For stroke  

. at final assessment 
(weeks not reported) 

. at 4 to 6 weeks 

 

 

 

Dunning,
19

 2015, US “The purpose of this 
systematic review was to 
summarize the effect of daily 
use of 
single-channel foot drop 
stimulation among persons 
with stroke” (p 649) 

 

FES 
 
AFO 

 

Literature searches were 
conducted using PubMed/-
Medline, CINAHL, EMBASE, 
PEDro, and Cochrane 
Library through May 16, 
2014 

RCTs comparing single-
channel FES and AFO 
for foot drop in patients 
RCTs comparing FES 
and AFO for foot drop 
caused by stroke in 
patients of all ages 
  

Studies not fulfilling 
inclusion criteria 

6 RCTs (820 patients)  
 
Narrative review on: 
10-m walking speed 
(m/sec) 

 
Timed Up and Go 
Modified Emory 
Functional Ambulation 
Profile 
PCI  
FMA  
BBS  
 
Quality-of-life (using 
SIS, SSQOL, the SF-
36) 
 
Outcomes measured 
after 6 to 30 weeks  

AFO = ankle foot orthosis; BFS = Body Function and Structures; BBS = Berg Balance Scale; FMA = FugI-Meyer Assessment; FES = functional electric stimulators; MS = 
multiple sclerosis; PCI = physiologic cost index; SF-36 = 36-item Short Form Health Survey; SIS = Stroke Impact Scale, SSQOL = Stroke-Specific-Quality-of- Life-Scale 
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Table 3: Characteristics of Included Studies 

First Author, 
Year, Country 

Study Design 
Study Objectives 

Interventions and 
Comparators 

Patients Main Outcomes 

Clinical studies 

Dujovic,
20

 2017, 

Serbia, Spain 
RCT 
 
“To evaluate efficacy of 
additional novel FES 
system to conventional 
therapy in facilitating motor 
recovery in the lower 
extremities and improving 
walking ability after stroke”  

(p 791) 

FES (FESa)+ 
conventional 
rehabilitation  
 
Conventional 
rehabilitation 
(physiotherapy 60 
minutes a day, 5 
days a week, for 4 
weeks) 

16 stroke patients > 18 
years old with foot drop 
and walk speed less 
than 0.4 m/s. 

10-m walking speed (m/s)  
 
FMA 
BBS  
mBI 
 
Outcomes measured at 
baseline and after 4 weeks  

Khurana,
21

 2017, 

US 
Cross-over RCT (including 
2 visits, each visit included 
2 walk trials, 1 with the 
AFO and 1 with the FES, 
with at least a 1-hour rest 
break in between. 
Participants were randomly 
assigned to which device 
would be used first during 
study visit 1, and the 
reverse order was used for 
visit 2) 
 
“This study investigates the 
direct comparison of energy 
cost, efficiency, and effort 
between an ankle-foot 
orthosis (AFO) and a 
functional electrical 
stimulation (FES) device for 
foot drop in ambulatory 
patients with multiple 
sclerosis” (p 133) 

FES (WalkAide) 
 
AFO 

20 multiple sclerosis 
patients >18 years old 
with foot drop 

10-m walking speed (m/s)  
 
Perceived exertion (using 
Borg Scale that measures 
the intensity level of physical 
activity) 
Walking speed 
Caloric expenditure 
Metabolic efficiency 
 
Outcomes measured after 2 
visits 

BBS = Berg Balance Scale; EDSS = Expanded Disability Status Scale; FES = functional electric stimulators; FMA = FugI-Meyer Assessment; FSS = Fatigue Severity 

Scale; mBI - Modified Barthel Index; RCT = randomized controlled trial;   
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Appendix 3: Critical Appraisal of Included Publications 

Table 4: Summary of Critical Appraisal of Included Studies 

First Author, 
Publication Year 

Strengths Limitations 

Critical appraisal of included systematic reviews (evaluated with the AMSTAR II Checklist
16

) 

Prenton
18

  a priori design provided  

 independent studies selection and data 
extraction procedure in place  

 comprehensive literature search 
performed  

 list of included studies, studies 
characteristics provided  

 quality assessment of included studies 
provided and used in formulating 
conclusions  

 conflict of interest stated  

 list of excluded studies not provided  

 assessment of publication bias not 
performed  

 variability in intervention and comparator 
device design may limit the generalizability 
of the comparison in the primary trials and 
subsequently in the review  

 

Dunning
19

  a priori design provided  

 independent studies selection and data 
extraction procedure in place  

 comprehensive literature search 
performed  

 list of included studies, studies 
characteristics provided  

 quality assessment of included studies 
provided and used in formulating 
conclusions  

 conflict of interest stated  

 list of excluded studies not provided  

 assessment of publication bias not 
performed  

 variability in intervention and comparator 
device design may limit the generalizability 
of the comparison in the primary trials and 
subsequently in the review  
 

 

Critical appraisal of included clinical trials (evaluated with the Downs & Black Checklist
17

) 

Dujovic
20

  randomized controlled trial  

 hypothesis clearly described 

 method of selection from source population 
and representation described  

 loss to follow-up reported  

 main outcomes, interventions, patient 
characteristics, and main findings clearly 
described 

 estimates of random variability and actual 
probability values provided 

 study had sufficient power to detect a 
clinically important effect 

 patients not blinded to the treatment 

 generalizability limited to those who had 

experienced stroke with a mean walking speed 

less than 0.4 m/s at initial evaluation 
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  cross-over randomized controlled trial  

 hypothesis clearly described 

 method of selection from source population 
and representation described  

 loss to follow-up reported  

 main outcomes, interventions, patient 
characteristics, and main findings clearly 
described 

 estimates of random variability and actual 
probability values provided 

 patients and evaluators not blinded to the 
treatment 

 sample size not calculated in order to have power 
to detect a clinically important effect 

  



 

 
SUMMARY WITH CRITICAL APPRAISAL Foot Drop Stimulators for Foot Drop 
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Appendix 4: Main Study Findings and Author’s Conclusions 

Table 5: Main Clinical Study Findings and Authors’ Conclusions 

Main Study Findings Authors’ Conclusions 

Stroke-Related Foot Drop 

Prenton
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 (Systematic Review/Meta-analysis) 

Difference in 10-meter walking speed between FES and AFO after 4 to 6 weeks of use 
(MD, 95% CI) 
 
For all patients (450 stroke patients and 14 cerebral palsy patients) 
At final assessment (data from 6 trials) 

0.02; –0.03, 0.06; P = 0.46 
 
For stroke patients 
At final assessment (data from 6 trials) 

0.02; –0.03, 0.07; P = 0.54 

 
At 4 - 6 weeks (data from 5 trials) 
0.03; –0.06, 0.12;  P = 0.49 

“This meta-analysis shows, for the first time, 
that FES and AFO are statistically proven to 
have the same 
therapeutic effect on walking speed in CNS 
foot drop. This effect has also specifically 
been shown to occur for foot drop caused by 
stroke and is observed after 4–6 weeks’ use” 

(p 137) 
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 (Systematic Review) 
Difference between FES and AFO after 6 to 30 weeks of use (narrative review; no meta-
analysis done): 
 
10-meter walking speed (from 6 trials): not statistically significant 
 
Timed Up and Go (from 3 trials), modified EFAP (from 2 trials), lower extremity FMA 

(from 2 trials): not statistically significant 
 

PCT (from 3 trials): statistically significant in favour of FES in 1 trial, and not 
significant in 2 trials 
 
BBS between FES and AFO (from 2  trials): statistically significant in favour of FES in 1 
trial, and not significant in 1 trial 
 
Participant preference (from 2 trials): more patients preferred FES over AFO (no 
statistical significance reported) 

“Over 6 to 30 wks of use, FDS and AFO are 
effective and equivalent for increasing gait 
speed in persons 
with stroke and drop foot” (p 662) 
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 (RCT) 

Difference between FES plus conventional rehabilitation and rehabilitation alone after 4 
weeks of use: 
 

10-meter walking speed: statistically significant in favour of FES (P = 0.022) 
 
FMA, BBS, MI: not statistically significant 
 

“The findings suggest that novel FES therapy 
combined with conventional rehabilitation is 
more effective on walking speed, mobility of 
the lower extremity, balance disability and 
activities of daily living compared to a 
conventional rehabilitation program only” (p 

791) 

Multiple Sclerosis-Related Foot Drop 

Khurana
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 (Cross-Over RCT) 

Difference between FES and AFO after 2 cross-over visits 
 

Perceived exertion (MD; 95% CI): statistically significant in favour of FES (P = 0.01) 
 
Walking speed, EDSS, FSS , FEScale: not statistical significant  
 
 
 

“Analysis of data collected during this 2-visit 
crossover randomized controlled trial showed 
that the majority of persons using the FES 
device reported less perceived exertion 
during both visits, than when using an AFO. 
All other primary and secondary outcome 
measures did not significantly differ by device 
across study sessions (p 138) 

95% CI = 95% confidence interval; AFO = ankle foot orthosis; BBS = Berg Balance Scale; BI = Barthel Index; FES = functional electric stimulators; FEScale = falls 
efficacy scale; EFAP = Modified Emory Functional Ambulation Profile; FMA = Fuji Meyer Assessment; MD = mean difference; PCT = physiologic cost test 


